Peripheral blood specimens and clinical data were obtained over a 12-month period from subjects in the Dubbo Infection Outcomes Study to examine cytokine production in postinfective fatigue syndrome. Ex vivo production of 8 cytokines was examined in 22 case patients and in 42 control subjects who recovered promptly. No significant differences were found. Ongoing production of the cytokines examined does not play a role in postinfective fatigue syndrome.
Peripheral blood specimens and clinical data were obtained over a 12-month period from subjects in the Dubbo Infection Outcomes Study to examine cytokine production in postinfective fatigue syndrome. Ex vivo production of 8 cytokines was examined in 22 case patients and in 42 control subjects who recovered promptly. No significant differences were found. Ongoing production of the cytokines examined does not play a role in postinfective fatigue syndrome.
Despite intensive research efforts, the pathophysiology of the enigmatic clinical disorder chronic fatigue syndrome (CFS) remains obscure, and effective therapies are not available [1] . Prospective cohort studies have empirically verified the existence of a postinfective fatigue syndrome (PIFS) consistent with CFS that is triggered by infection with Epstein-Barr virus (EBV), Ross River virus (RRV), or Coxiella burnetii (the causative agent of Q fever) [2] [3] [4] [5] .
Hypotheses that abnormalities in the immune response underpin the pathogenesis of CFS have been extensively explored. However, a systematic review suggested that reported alterations in T cell responses, cytokine levels, and natural killer cell activity were inconsistent and rarely correlated with the clinical condition [6] . Substantial heterogeneity among patients fulfilling the diagnostic criteria for CFS [7, 8] is the likely reason for such inconsistent findings. Accordingly, we established a disease model for the onset and evolution of CFS, by means of a prospective cohort study of subjects observed from the onset of documented acute EBV infection, RRV infection, or Q fever: the Dubbo Infection Outcomes Study (DIOS) [5] . In this study, PIFS was documented in 27% of subjects at 3 months, with 11% fulfilling diagnostic criteria for CFS at 6 months after detailed medical and psychiatric evaluation, to exclude alternative causes for illness. The PIFS illness was stereotyped across infections, suggesting that the host response, rather than microbiological factors, determined ongoing symptoms.
In subjects from DIOS studied early in the febrile phase of illness, the severity of symptoms, including fatigue, correlated with levels of the proinflammatory cytokines IL-1b and IL-6, in unstimulated PBMC cultures, indicative of cytokines "spontaneously" released ex vivo [9] . Thus, the present study aimed to analyze cytokine production in patients with PIFS and matched control subjects who had recovered uneventfully from the same infection, to resolve whether ongoing, aberrant cytokine production mediates prolonged fatigue states.
Subjects and methods. Participants were enrolled after presentation with acute febrile illness and detection of IgM antibodies against EBV, RRV, or C. burnetii. These provisional serologic diagnoses were confirmed by testing acute-and convalescent-phase serum samples [5] .
Subjects were assessed at 1, 2, 3, 6, and 12 months after the onset of infection. At each visit, physical and psychological health was assessed, and a blood sample was collected. The 34-item Somatic and Psychological Health Report [10] was used to monitor symptoms. A score of у3 (maximum score, 12) on the empirically derived subscale SOMA was used to record PIFS, because this reliably predicts disability and reflects patients' and doctors' reports of reasons for presentation to primary care [10] . Subjects were classified as having provisional PIFS if their SOMA scores at all time points up to and including 3 months exceeded this threshold. When symptoms persisted beyond 6 months, structured medical and psychiatric assessments and laboratory investigations were undertaken to exclude alternative explanations for ongoing illness and to designate CFS diagnosis (termed "confirmed PIFS") [1] . The items "days in bed" and the number of "days out of role" (Brief Disability Questionnaire) served to index functional impairment [11] . The factor score coefficients (symptom weights) from the original study [5] were applied to each subject's responses on the Somatic and Psychological Health Report to quantify illness severity in 6 domains: acute sickness, irritability, fatigue, musculoskeletal pain, neurocognitive disturbance, and mood disturbance.
The participants were 22 subjects with confirmed PIFS (11 patients with EBV infection, 6 with RRV infection, and 5 with Q fever) and 42 control subjects (17 patients with EBV infection, 14 with RRV infection, and 11 with Q fever) matched for age from the same cohort who had recovered within 6 weeks of symptom onset. Written informed consent was obtained from all subjects. The relevant institutional review boards approved the study.
Blood samples were collected and processed under strict endotoxin-minimized conditions. PBMCs were separated (Lymphoprep; AXIS-SHIELD) and cryopreserved in RPMI (Trace Biosciences) with 10% dimethylsulfoxide (Sigma) and 50% autologous plasma, and aliquots were stored in liquid nitrogen. Serum was separated and stored in aliquots at Ϫ80ЊC.
After being thawed, PBMCs were resuspended in RPMI (GIBCO) supplemented with 10% heat-inactivated fetal bovine serum (Trace Biosciences) at PBMCs/mL. The cell sus-6 2 ϫ 10 pension was dispensed into 96-well plates (Nunc) in medium only (unstimulated cultures), lipopolysaccharide (10 ng/mL; Salmonella typhimurium; Sigma), or mouse anti-human, anti-CD3, and anti-CD28 Dynabeads added at a ratio of 4 beads to 1 cell ratio (Dynal). Plates were held for 24 h at 37ЊC. Supernatants were stored at Ϫ80ЊC until being subjected to the multiplex immunoassay. Concentrations of the cytokines IL-1b, IL-2, IL-4, IL-6, IL-10, IL-12, TNF-a, and IFN-g in serum and culture supernatants were analyzed (BioPlex; BioRad).
The linear mixed-effects models procedure (in SPSS for Windows, version 14; SPSS Software) was chosen to analyze the influence of PIFS status on longitudinal patterns of symptom severity and cytokine production. Because the PIFS illness was stereotyped across different infective triggers, acute-phase cytokine production was comparable across the 3 infections, and neither psychological nor microbial factors were predictive of PIFS [5, 9] , the data set was collapsed across infections for analysis. Student's t test was used for group comparisons of age, duration, and disability, and the x 2 test was used to assess differences in the sex and case/control distributions.
Results. Subjects with PIFS did not differ from the control subjects with regard to age (mean ‫ע‬ SD, vs. 32 ‫ע‬ 14 32 ‫ע‬ years;
) or sex ( for the ratio of male to 15 P p .99 P p .34 female subjects). Of the 64 participants, 28 were infected with EBV, 20 were infected with RRV, and 16 had Q fever. The proportion of PIFS cases to controls (0.66 to 0.34) did not differ between infections ( ). The first assessment in this P p .76 study (denoted as 1 month) occurred a mean (‫ע‬SD) of days after onset of symptoms. This interval did not 29 ‫ע‬ 8 differ between case patients and control subjects ( figure  1A ) established that PIFS status was associated with moresevere symptoms in all 6 domains ( for each). A sig-P 1 .001 nificant main effect for time was evident for acute sickness ( ), fatigue ( ), and musculoskeletal pain ( P p .03 P p .001 P p ), indicating a decrease in symptom severity over time in .006 these domains. Older age was associated with higher levels of musculoskeletal pain ( ) and neurocognitive distur-P p .003 bance (
). P p .02 Serum cytokine levels were almost exclusively less than the detection limit of the assay system (8-15 pg/mL) and did not differ between the groups (data not shown); therefore, the analysis focused on culture supernatants. Mixed-effects modeling did not reveal any between-group differences in cytokine levels over time. These results were consistent across all culture conditions ( for all) (figure 1B). Older age was associated P 1 .05 with higher levels of IL-4 ( ) in anti-CD3/anti-CD28-P p .02 stimulated cultures and with higher levels of IL-1b ( ) , P p .003 IL-6 ( ), and TNF-a ( ) in lipopolysaccharide-P p .02 P p .02 stimulated cultures.
Discussion. This comprehensive analysis of 8 different cytokine responses in PIFS failed to reveal any association with disease status, thus providing strong evidence against the hypothesis that prolonged fatigue is associated with altered cytokine production. These results are concordant with our recent finding that specific antiviral immune responses in the EBV subcohort of the DIOS did not reveal substantive differences between subjects with PIFS and those who recovered promptly [12] . It remains possible that testing with other cytokine-inducing stimuli and/or assessing a broader panel may implicate other cytokines in PIFS.
Irrespective of PIFS status, older subjects reported more pain and neurocognitive symptoms and showed an increased proinflammatory response to lipopolysaccharide challenge, as well as a bias toward Th2-type lymphokine production (IL-4) in anti-CD3/anti-CD28-stimulated cultures. Similar responses have previously been attributed to immune senescence [13] .
Consistent with earlier reports from DIOS, the present data indicate that symptoms of PIFS originate in the acute phase of the infections and persist over weeks to months [5, 12] . Acute infections are typically accompanied by a cluster of stereotyped symptoms, including fever, fatigue, hypersomnia, hyperalgesia, mood disturbance, and impaired concentration [9] . With the exception of fever, it is these symptoms that typify the PIFS illness. Accumulated animal data indicate that, in acute infec- tion, these symptoms are mediated by the action of proinflammatory cytokines on the brain [14] . We have confirmed this finding in subjects from DIOS studied early in the febrile phase [9] . Nevertheless, no such association was found with comparable symptoms in the prolonged course of PIFS.
Although the present study cannot exclude a role for other untested factors or for cytokines at very low levels or produced in specific microenvironments [15, the evidence suggests that immunologic stressors such as acute infections constitute a "trigger" rather than the "driver" of symptoms in PIFS. Con-sequently, alternative hypotheses of pathogenesis need to be explored, including persistent production of inflammatory mediators by activated glial cells in the absence of ongoing peripheral stimuli or sensitization of neural response pathways to physiological signals from the periphery [15] .
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